Abstract -T h e Capacity of networks with multiuser receivers together with efficient usage of t h e resources, is analyzed in tlle uplink scenario of a single cell synclironous C o d e Division Multiple Access ( C D M A ) system. T h e capacity of t h e system is t h e niaxinium number of users p e r u n i t processing gain admissible in the system such t h a t each user has its quality-ofservice (40s) requirement (expressed i n t e r m s of its desired signal-to-interference ratio) met. We characterize t h e capacity of a single cell for b o t h t h e optimal linear receiver (MMSE receiver) and t h e matched filter receiver structures. T h i s characterization of t h e capacity has a s i m p l e "effective bandwidth" interpretation. We also identify t h e "optimal" signature sequences a n d t r a n s m i t powers t o be allocated so t h a t the users m e e t their QoS requirement.
I. INTRODUCTION
TVe consider a single cell synchronous CDkfA system and focus on the uplink. The users are distinguished from each other by their signature sequences or codes. Let the processing gain of the system be L. We say that M users are admissible in the system if one can allot transmit powers and signature sequences to the users and linear receiver structure for each user at the base-station so that the signal-to-interference ratio (SIR) of each user is greater than its SIR requirement. We are interested in characterizing the maximum admissible number of users per unit processing gain, called the capacity of the system. In practice, two linear receivers are of particular interest: the MMSE receiver which is the best linear receiver (in the sense of maximizing the SIR of each user, see [ 5 ] ) and the matched filter receiver. Our main results are as follows:
1. 
L.
3. ii'e identify the "optimal)) signature sequences and transmit powers to allot to the users so that the users' SIR requirements are met.
For related literature, see [lo, 4, 5 , 71 on multiuser receiver structure design and analysis and [3, 1, 91 on convergent power control algorithms for channelized systems and CDMA systems with fixed signature sequences. The problem of identifying good signature sequences has been studied in [6] in the context of a spread-spectrum system with conventional receiver and equal received power for all users. Different from these works, we study here the joint optimization problem of designing multiuser receiver structure, power control and spreading sequences, and obtain simple characterizations of the resulting system capacity.
MODEL A N D DEFINITIONS
In the multiaccess symbol synchronous CDMA system, user i spreads its information on the common channel through modulation using its signature sequence, denoted by s,, a unit vector in EL. As is traditional in multiaccess systems, we model the information transmitted by the users as independent zero mean random variables, say Xt. We denote the received power of user i as E [XT] = p t r the product of the transmit power of user i and the path gain from user i to the receiver (basestation ) The ambient noise is assumed to be white gaussian independent of the users, denoted by say W N N (0,021). [ll] ).
CAPACITY CHARACTERIZATION
Our main result is the following. It is true for both the scenarios of choice of MMSE linear receiver and matched filter receiver.
0-7803-4408-1/98/$10.00 0 1 9 9 8 IEEE T h e o r e m 111. (1)) is just the same as the matched filter receiver s,. It is now easily verified that the achieved SIR of each user is exactly p. Thus we have the somewhat surprising result that there is no loss in capacity by using the a priori inferior matched filter receiver when the signature sequences and powers are appropriately chosen. It is also shown in [ll] that this choice of signature sequences and powers gives the lowest possible allocation of sum of received powers of all users. This observation is then used to characterize the effect of a transmit power constraint on the capacity region.
IV. CONCLUSIONS A N D DISCUSSION
li'e have characterized the capacity of a synchronous CDhlA system using linear receiver structures for the uplink. The downlink scenario is very similar and the exercise of capacity characterization is done in [Ill. However, complete syndlronization is idealistic and in practice one has asynchronous reception of the users' symbols by the base-station and multipaths are also present. Furthermore, the assumption of perfect power control made in this study is also not valid in practical systems. Nevertheless, these results give some insights to the best one can achieve. We are currently studying the capacity of systems with asynchronous reception. It also must be emphasized that these results are for the case of a single base-station. In a cellular system with many base-stations, the characterization of the capacity region (now a mobile will have to be distinguished by its path gains to the different base-stations) is an important problem. In particular questions such as how does the multiple base-station receiver capacity compare with the single receiver capacity will be answered by such a characterization. Our preliminary results in this direction show that the answer depends on the path gains of the mobiles to the base-stations and \ve discover an important property of these systems -the need to do a kind of "channel-sharing". Thus for a large system this suggests that using randoin sequences is as good as using the optimal WBE sequences for the signature sequences of the users. However, when the receiver structure used is the matched filter, in [8] the authors ,show that in a large system, cy users per unit processing gain have their SIR requirements met if and only if Q < $. Thus 1 user per unit processing gain is lost asymptotically when random sequences are used and the matched filter receiver is used.
